A novel coplanar waveguide (CPW) fed slot antenna for ultra-wideband (UWB) short range impulse radar systems is presented. A floating metal layer on the bottom of the antenna's substrate is used to realize the one-sided directional radiation and high gain. The antenna's dimensions are optimized to achieve impedance bandwidth of 7.8-9.2 GHz. The final size of the antenna is 29 mm × 16 mm × 1.6 mm. The proposed antenna is simulated, fabricated, and measured while a good agreement between the simulation and measurement results is obtained.
Introduction
Since the Federal Communications Commission (FCC) released unlicensed frequency band of 3.1 GHz to 10.6 GHz for commercial communication applications in 2002 [1] , UWB technology has drawn a lot of interest in both industry and academic. Moreover, the rapid advances of solid-state electronic and optoelectronic devices have made it possible to develop UWB radar and radio transmission technology [2] . The UWB radar using a directional antenna has potential advantages such as fine spatial resolution, extraction of target feature characteristics, low probability of interception and noninterfering signal waveform. In the literature, There are many short-range radar systems which use the UWB spectrum and their bandwidths vary from few hundreds of megahertz to more than one gigahertz [3, 4, 5, 6, 7] . One of the most important requirements of the UWB short-range radar system is the UWB antenna which satisfies the bandwidth requirements and provides one-sided directional radiation.
Printed slot antennas are widely used in nowadays communication systems because they have many advantages, such as low profile, easy to integrate with monolithic microwave integrated circuits (MMIC's), low cost, and simple structure. Many reports about omni-directional planar UWB antennas have been published recently, for example, tapered-slot fed slot antenna [8] , rectangular slot antenna with a CPW fed diamond patch [9] , microstrip-line fed circular corner monopole antenna [10] , printed circular disc monopole antenna [11] , and so on.
In this paper, a directional slot antenna using a floating metal layer on the bottom side of the antenna's substrate is proposed. The floating metal layer is used to achieve the one-sided radiation pattern required for shortrange impulse radar system. By optimizing the slot size, the front-to-back ratio of about 7 dB is obtained. 
Simulation and experimental results
In this section, the simulation and experimental results are presented. The proposed antenna is simulated using Ansoft's high frequency structure simulator (HFSS). The measurements of the antenna are conducted using a vector network analyzer (Anritsu 37269D). Figs. 2 (a) and (b) show the input reflection coefficient and the gain of the antenna with and without the four notches of the top metal layer, respectively. The effect of the notches on the impedance bandwidth is clearly shown while the four notches increase the impedance bandwidth of the antenna. In addition to their role in the impedance bandwidth broadening, the four notches have an important role in the gain flatness as shown Fig. 2 (b) . Fig. 2 (c) shows the simulated and measured input reflection coefficient of the proposed antenna. The simulated impedance bandwidth of the antenna is 1.6 GHz which lies in the frequency band from 7.6 GHz to 9.2 GHz, while the measured bandwidth lies from 7.8 GHz to 9.2 GHz. Simulated and measured gain of the proposed antenna is shown in Fig. 2 (d) . The antenna shows flat gain around 4 dBi overall the operational bandwidth. So this antenna can perform very well in short-range and high-speed wireless data communication applications.
Figs. 2 (e) and (f) show the surface current distribution on the outer surfaces of the top and bottom metal layers at the frequencies 8 GHz and 8.9 GHz. When the length of current path on the lower or upper metal parts equals to the half of the resonance wavelength in the substrate, the resonance occurs. The resonance wavelength λ r in the substrate can be calculated as:
where c is speed of light and f r is the resonance frequency.
The resonance wavelengths at the first and second resonance frequencies f r1 = 8 GHz and f r2 = 8.9 GHz, respectively, are λ r1 = 18.2 mm and λ r2 = 16.4 mm. It is observed from Figs. 2 (e) and (f) that the surface current on the outer surface of the bottom metal layer is very weak even at the resonance frequencies.
The simulated and measured radiation patterns in the H-plane (x-z plane) and E-plane (y-z plane) at the frequencies 8 GHz and 9 GHz are plotted in Figs. 3 (a)-(d) . The antenna's directivity in the upward direction (positive zdirection) is larger than that of the downward direction (negative z-direction). This is caused by the floating metal layer on the bottom of the antenna's substrate. This floating conductor acts as a reflector which suppresses the radiation of the downward direction and concentrates the power in the upward direction. The front-to-back ratio over the whole operational frequency band is about 7 dB. This demonstrates that the proposed antenna has a good directional characteristic.
Figs. 3 (e) and (f) display the effect of the substrate's thickness on the radiation pattern of the antenna. Usually the thickness of the substrate is one of the most important factors in the design of the planar antenna. In general, increasing the thickness of the substrate improves the efficiency and bandwidth of the antenna. However, the thicker substrate increases the surface waves propagation which degrades the efficiency and radiation characteristics. It is observed that the variation of the substrate's thickness changes the directivity of the antenna as it is expected, but the directivity does not change so much. Because the antenna's substrate is covered completely by the metal layers from the two sides except for the small parts of the slots and notches, the wave will propagate as a guided wave and the surface wave propagation is limited leading to a small effect of the substrate's thickness on the radiation characteristics of the antenna. The main factor of the one-sided radiation of the antenna is the floating metal layer on the bottom which acts as a reflector. 
Conclusion
A one-sided directional printed slot antenna has been presented. The proposed antenna has a compact size, simple structure, and easy to fabricate at low cost. It shows good performance regarding the impedance match-ing, gain flatness, and radiation characteristics. The characteristics of the proposed antenna qualify it to be utilized in the UWB short-range radar systems.
